(Dated: March 3, 2020) Experimentally observed excited strange charmed mesons D * s0 (2317) ± , Ds1(2460) ± , Ds1(2536) ± , D * s2 (2573) ± , D * s1 (2700) ± , D * s1 (2860) ± , D * s3 (2860) ± , and DsJ (3040) ± are identified tentatively according to their spin, parity, and masses. Using the heavy quark effective theory in the leading order approximation, we study their strong decays to ground state charmed mesons plus light pseudoscalar mesons. The branching ratios are classified, (D * s0 (2317), Ds1(2460)) as (1 3 P0, 1P1) and (Ds1(2536), D * s2 (2573)) as (1P 1 , 1 3 P2), in heavy quark doublets. The assignment of D * sJ (2860) as a four resonance states D * s1 (2860), D * s2 (2860), D * s2 (2860), D * s3 (2860) is favored, where for D * s3 (2860) ± the mass should be expected to higher than 2.86 GeV. For DsJ (3040) the 2P1 state is more favorable. We construct the Regge trajectories of experimentally observed strange charmed mesons in (J, M 2 ) and (nr, M 2 ) planes, which estimate the masses of 1 3 D3, 1 3 F4, 1D2, 1 1 F3, 1D 2 , 1F 3 , 3 3 S1, and 3 1 P1 with fixing the slopes and intercepts of the Regge lines. Moreover, the strong decay rates and the branching ratios of these higher excited states are also examined. Our results could provide some important clues in LHCb, BESIII, KEK-B, and the forthcoming Belle II, and PANDA experiments.
I. INTRODUCTION
The latest Review of Particle Physics (RPP) by Particle Data Group (PDG) listed the strange charmed mesons (observed by the various experimental groups) D * s0 (2317) ± , D s1 (2460) ± , D s1 (2536) ± , D * s2 (2573) ± , D * s1 (2700) ± , D * s1 (2860) ± , D * s3 (2860) ± , and D sJ (3040) ± with their properties like masses, decay widths, branching ratios, lifetimes, spin, parity etc. [1] . Since 2003, the Belle, CLEO, BABAR, LHC, and BESIII producing a data on the status of charmed strange mesons. In the upcoming years, we believe that more candidates for excited charmed strange mesons will be reported, with the running experimental facilities LHCb, BABAR and BESIII, and the future experiments Belle II and PANDA. The comprehensive review articles have given the details of experimental informations for charmed mesons [2] [3] [4] .
More recently, the BESIII Collaboration has been studied the e + e − annihilation processes at the centerof-mass energy 4.6 GeV [5] . The decay mode e + e − → D + sD ( * )0 K − observed the masses and decay widths of two intermediate P -wave charmed strange mesons D s1 (2536) − and D * s2 (2573) − with statistical and systematic uncertainties. Their measured spin-parity 2 + of D * s2 (2573) − is consistent with PDG [1] . In 2015, the BABAR Collaboration analyzed the Dalitz plot for the B mesons decays to D − D 0 K + andD 0 D 0 K + [6] . These decay modes were reconstruct the state D * s1 (2700) + of mass 2699 +14 −7 MeV/c 2 and the decay width 127 +24
−19
MeV. The LHCb detector recorded the resonance structure near 2.86 GeV/c 2 mass region in the decay mode [7] . They were found to be an admixture of spin-1 and spin-3 resonances, which are separately presented by D * s1 (2860) ± and D * s3 (2860) ± [1] . The LHCb Collaboration in their earlier analysis of D 0 K + and D + K 0 s end states mass spectra at the center-ofmass energy 7 TeV of pp collisions [8] . They were confirmed the existence of the excited states D * s1 (2700) + and D * sJ (2860) + . The BABAR experiment collect the data sample corresponding to an integrated luminosity 470 fb −1 at the center-of-mass energy 10.6 GeV of e + e − collisions and observed the decays of D * s1 (2700) + and D * sJ (2860) + to D * K [9] . Their measured branching fraction relative to DK decay modes are,
They also observed a new broad resonant structure in the D * K invariant mass distribution of unnatural parity (0 − , 1 + , 2 − , 3 + , ...), having a mass 3044 ± 8 +30 −5 MeV/c 2 and decay width 239 ± 35 +46 −42 MeV. In Ref. [10] , the BABAR Collaboration has been studied the final states mass spectra of D + s π 0 , D + s γ and D + s π + π − . And, reconstruct the first orbital excited states of charmed strange mesons D * s0 (2317) ± and D s1 (2460) ± , using the data 232 fb −1 in e + e − →cc decay processes. Table I shows the masses, decay widths and the spinparity of charmed strange mesons observed by the experimental groups BESIII [5] , LHCb [7, 8] , and BABAR [9, 10] . Except D sJ (3040) ± , the J P (J is the total spin and P is parity) value of all strange charmed mesons are measured experimentally. Because of the limited statistics, the angular distributions for this state have not been arXiv:2003.00487v1 [hep-ph] 1 Mar 2020 [5] , LHCb(2014) [7] , LHCb(2012) [8] , BABAR(2009) [9] , and BABAR(2006) [10] of strange charmed mesons (in MeV).
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Unnatural studied. For D * s0 (2317) ± and D s1 (2460) ± the observed masses are far lower than the corresponding results are computed using different theoretical approaches. And no one state observed near D * s0 (2317) ± and D s1 (2460) ± mass, are decaying into D + s π ± . Also their charged or neutral states are still not observed experimentally. As it would be expected if the D * s0 (2317) ± and D s1 (2460) ± are candidates of tetraquark states. Theoretically, the masses of D * s0 (2317) ± and D s1 (2460) ± states are lies in the range of 2.44 GeV to 2.55 GeV. There has been numbers of theoretical approaches developed in studying the heavy-light meson spectroscopy in the recent decades. D. Jiaa and W.-C. Dong derived the Regge-like mass relation of excited singly heavy mesons [11] . In Ref. [12] , J.-K. Chen construct the radial and the orbital Regge trajectories for heavy-light mesons by applying the Bohr-Sommerfeld quantization approach, the semi-relativistic approach by V. Kher et al. [13] , the Godfrey-Isgur (GI) relativized quark model [14] , the GI model with screened potential [15] , the nonrelativistic constituent quark model which proposed by Lakhina and Swanson [16] , the Quantum Chromodynamics (QCD) motivated relativistic quark model [17] , the mass loaded flux tube model [18] , the relativistic quark model including the leading order corrections in 1/m [19] , the Blankenbecler-Sugar equation in the framework of heavy-light interaction models [20] , the lattice QCD [21] etc..
They have computed the excited states masses of strange charmed mesons and predict its J P values, some of are presented in Table II (the symbol N 2S+1 L J is used to represent the meson quantum state; where N , L and S denote the radial, orbital and the intrinsic spin quantum number respectively). The J P value assignments are important for studying the decay properties of the states. From the mass spectrum analysis of strange charmed mesons we conclude some following points, i. The two 1S states (D s and D * s ) and the two 1P states (D s1 (2536) and D * s2 (2573)) are theoretically reproduced very well.
ii. The calculated masses of the states D * s0 (2317) ± and D s1 (2460) ± are overestimated to the experimental measurements by simply assuming that they are belongs to the charmed strange meson family.
iii. The D * s1 (2700) ± is measured with J P = 1 − and can be a good candidate for 2 3 S 1 .
iv. The D * s1 (2860) ± and D * s3 (2860) ± are observed with the total spin-1 and 3, with negative parity, respec- Table II . Spectra of strange charmed mesons obtained from different models (in MeV). N 2S+1 LJ J P Ref. [13] Ref. [14] Ref. [15] Ref. [16] Ref. [17] Ref. [18] Ref. [19] Ref. [20] Ref. [ tively. So they can be a good candidates for 1D states.
v. The D sJ (3040) ± is observed with unnatural parity. Theoretically, its mass is nearer to 2P 1 lower and higher state.
Here, we apply the heavy quark effective theory (HQET) to discuss the quantum number assignments of excited strange charmed mesons reported by BE-SIII [5] , LHCb [7, 8] , and BABAR [9, 10] . HQET was originally proposed to study the two body strong interaction of heavy-light mesons with the emission of light pseudoscalar mesons (π, η, and K) [22] [23] [24] [25] [26] . In HQET, the spin-flavor symmetry of the heavy quark reduced the number of unknown parameters and the heavy quark four-vector ν µ in the superfield equations conserved the strong interaction processes at the infinite heavy quark mass limit, which makes it easier to study the properties of heavy-light systems. In the past two decades, many theoretical groups have successfully explained the properties of heavy-light mesons in the framework of HQET [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . In this paper, the branching ratio among the strong decay widths predict quantum states of D s mesons D * s0 (2317) ± , D s1 (2460) ± , D s1 (2536) ± , D * s2 (2573) ± , D * s1 (2700) ± , and D sJ (3040) ± . Wang [37] says "if the chiral symmetry-breaking corrections are small, the large ratio 1.10 ± 0.15 ± 0.19 requires that the D * sJ (2860) ± consists of at least four resonances, D * s1 (2860) ± , D * s2 (2860) ± , D * s2 (2860) ± , D * s3 (2860) ± ". This is the motivation of our present work. Such an experimentally observed states are used to construct the Regge trajectories in (J, M 2 ) and (n r , M 2 ) planes in the present study with their possible spin-parity assignments. We fixed the slopes and intercepts of the Regge lines and estimate the masses of higher excited D s mesons 1 3 
Moreover, their strong decay rates and the ratio among the decay rates are also predicted. These predictions can provide some crucial informations for upcoming experimental studies.
This paper is divided into the following sections. Section II describes the heavy quark effective theory formalism used for the strong decays. Section III presents the numerical analysis of the strong decay rates, where we attempt to identify the spin and parity of experimentally known excited strange charmed mesons. In section IV we plot the Regge trajectories in (J, M 2 ) and (n r , M 2 ) planes using the masses from PDG [1] . Further, we ana-lyzed the strong decay rates and the ratios of 1 3 D 3 , 1 3 F 4 , 1D 2 , 1 1 F 3 , 1D 2 , 1F 3 , 3 3 S 1 , and 3 1 P 1 states lying on the Regge lines. At last, in section V we summarized this work.
II. THEORETICAL SETUP
In the heavy quark effective theory (HQET) the masses of the light u, d, and s quarks, say m q , are small compared to the scale of non-perturbative strong dynamics, i.e. m q → 0 limit of QCD. In this limit QCD has chiral symmetry, which can be used to predict some properties of hadrons containing these light quarks. And, the heavy c and b quark masses are large compared to the scale of non-perturbative strong dynamics, i.e. m Q → ∞ limit of QCD. In this heavy quark mass limit QCD has spin-flavor symmetry, which has important implications for the determination of hadrons properties containing a single heavy quark.
In the m Q → ∞ limit, the heavy quark spin S Q is conserved. Therefore, the spin of the light degrees of freedom is s l = sq + l, where sq and l are the spin and the orbital angular momentum of the light antiquark respectively [38] . The heavy-light mesons are classified in doublets in m Q → ∞ limit corresponding to l = 0, 1, 2, and 3 for S, P , D, and F waves respectively. For the ground state, l = 0 (S-wave) gives s P l = 1 2 + and s P l = 7 2 + , having J P s l = (2 + , 3 + ) 5 2 + and J P s l = (3 + , 4 + ) 7 2 + are represented by (P * 2 , P 3 ) and (P 3 , P * 4 ) respectively. The above symbols (P, P * , ...) are used for radial quantum number n = 1 and the same classification follows for analogous doublet for higher radial excitations (n = 2, 3, ...). For n = 2, these symbols are denoted with dagger (P † , P † * , ...) and for n = 3 they are (P ‡ , P ‡ * , ...). Hence, each doublet contains two states (or two spin partners) with total spin J = s l ± 1 2 and parity P = (−1) l+1 and can be described by the superfields H a , S a , T a , X a , Y a , Z a , and R a , given by [34] 
where a (= u, d or s) is the SU (3) light quark flavor representation and ν gives the meson four velocity and is conserved in strong interactions. The heavy meson field operators P and P * (see Eqs.
(1) to (9)) contain a factor √ m Q having a mass dimension 3 2 , which annihilate the mesons with four-velocity ν. The field H a is for Swave doublet (P, P * ), fIelds S a and T a are for P -wave doublets s P l 
In the leading order approximation, the effective heavy meson chiral Lagrangians L H , L S , L T , L X L Y , L Z , and L R describe the two body strong interactions by an exchange of light pseudoscalar mesons are taken from [24, 34] , 
the mass splittings between the higher and the lower mass doublets described by the field H a (see Eq. (3)). The strong running
can be fitted to the experimental data. The g H controls the S-wave decays, g S and g T are govern the P -wave decays, g X and g Y and describe the D-wave decays and, g Z and g R and are responsible for the F -wave decays. The heavy meson chiral Lagrangians with subscript notations H, S, T, X, Y, Z, and R indicate the interaction between the super-field H and super-fields H, S, T, X, Y, Z, and R, respectively. Refs. [39, 40] studied the charmed mesons strong decays of heavy mesons with the emission of light vector mesons (ρ, ω, K * , and φ). Such a chiral Lagrangians can determine the expressions of strong decays of heavy-light mesons into the lower mass charged and neutral charmed mesons along with the light pseudoscalar mesons (π, η, and K),
II. Decaying P -wave doublets (P * 0 , P 1 ) and (P 1 , P * 2 ) or (P † * 0 , P † 1 ) and (P † 1 , P † * 2 ) or (P ‡ * 0 , P ‡ 1 ) and (P ‡ 1 , P ‡ * 2 ):
III. Decaying D-wave doublets (P * 1 , P 2 ) and (P 2 , P * 3 ): 
IV. Decaying F -wave doublets (P * 2 , P 3 ) and (P 3 , P * 4 ):
In the above expressions of decay width, the ratio
define the the mass of the product charmed meson to the incoming D s meson, for the decay P a → P b + P. P is the emitting light peudoscalar mesons (π, η, and K) in the strong decay processes. The coefficient C P of light peudoscalar mesons are: C π ± , C K ± = 1, C π 0 = 1 2 , and C η = 2 3 . And its final momentum is, We expect that the corrections would not be larger than (or as large as) the leading order contributions.
III. NUMERICAL ANALYSIS
The numerical values of the strong decay rates of the excited strange charmed mesons D * s0 (2317) ± , D s1 (2460) ± , D s1 (2536) ± , D * s2 (2573) ± , D * s1 (2700) ± , D * s1 (2860) ± , D * s3 (2860) ± , and D * sJ (3040) ± observed by the BESIII [5] , LHCb [7, 8] , and BABAR [9, 10] Collaborations are presented in Table III , where the strong decay widths are retain in the form of square of the couplings g H , g S , g T , g X , g Y , g Z , and g R . Without enough experimental informations it is impossible to determine their values with heavy quark effective theory. The running experimental facilities LHCb, BESIII, KEK-B, and the future project PANDA [41, 42] are expected to fit such a strong couplings and can be studied the heavy meson interactions in near future. Theoretically, the Refs. [43, 44] have used the combined approach of heavy meson chiral perturbation theory with heavy quark effective theory and extracted the coupling g H for the decays of D * 0 , D * + , D * s to Dπ mode. The Refs. [39, [45] [46] [47] are mainly focus on the coupling constants g H , g S , and g T for the ground state S and P -wave heavy mesons, and the works on other strong couplings are rare [48] . The ratios of the strong decay rates are analyzed in the following subsections, which classified the strange charmed mesons according to their total spin and parity.
A. D * s0 (2317) and Ds1 (2460) For D * s0 (2317) ± as 1 3 P 0 , the calculated strong decay rate into D * ± s π 0 mode is 128. Many theoretical studies [13, 14, [49] [50] [51] [52] have computed the radiative electric dipole (E1) transition width of D * s0 (2317) ± , which is determine in the range of 0.6 KeV to 9 KeV. Therefore, the ratio
that is under the limit of CLEO [53] measurement <0.059, and measurements of the Belle [54] and BABAR [10] Collaborations < 0.18 and < 0.16 respectively. For D s1 (2460) ± as 1P 1 , its strong decay rate into D * ± s π 0 mode is 128.36g 2 S MeV. Using g S 0.17, we get the strong decay width 3.8, which is compatible with the BABAR measurement < 3.5 [10] . Moreover, V. Kher et al. computed its magnetic dipole (M1) transition width 4.9×10 −2 KeV into D * s0 (2317) ± mode [13] . So
and is under the limit of BABAR [55] result <0.22. Therefore, from the strong decay analysis and the theoretical predictions of the E1 and M1 transition width, we believed that D * s0 (2317) ± and D s1 (2460) ± are of charmed strange mesons family. Hence, Here, the ratio among the strong decay rates avoid the unknown hadronic couplings and are compared with ex-perimental observations where available. For D s1 (2536) as 1P 1 , the ratio
is calculated using the results of Table III and is consistent with the PDG world average value 1.18 ± 0.06 and other experimental observations [1] . And, for its spin partner D * s2 (2573), the ratio
agree with the argument of the CLEO Collaboration [56] D 0 K ± mode is dominant over D * (2007) 0 K ± . Hence, D s1 (2536) and D * s2 (2573) are well established as a 1P state with s P l = 3 2 + . We write
After the discovery of comprised two overlapping states D * s1 (2860) ± and D * s3 (2860) ± with total spin 1 − and 3 − respectively by LHCb [10] , many experimental and theoretical studies are argued that D * s1 (2700) ± is the 2 3 S 1 state and the states D * s1 (2860) ± and D * s3 (2860) ± are of 1 3 D 1 and 1 3 D 3 respectively [7, 15, [57] [58] [59] . For D * s1 (2700) as 2 3 S 1 , the ratio
is calculated using the results of Table III and is agreement with the measurements 0.88 ± 0.14 ± 0.14 and 0.91 ± 0.13 ± 0.12 of [9] . Therefore, the state D * s1 (2700) ± with 2 3 S 1 is dominant in DK mode and is accessible with the experimental measurements. So we write,
Its spin partner, J P s l = (0 − ) 1 2 − of n = 2, is still not observed experimentally. The ratio for D * s1 (2860) ± as 1 3 D 1 is,
compatible with 0.16 of B. Zhang et al. using 3 P 0 model [60] . Also Q. T. Song et al. used 3 P 0 model and determined its range 0.46 ∼ 0.70 [15] . The relativistic quark model by Godfrey and Jardine obtained the value 0.34. For D * s3 (2860) ± as 1 3 D 3 , it is
The strong decays analysis of D * s1 (2860) ± and D * s3 (2860) ± , can be confronted with the future experimental data. Considering D * s1 (2860) ± as 1 3 D 1 and D * s1 (2860) ± as 1 3 D 3 , our calculated branching ratios are much smaller than the BABAR measurements (see in 2 and 4) [9] . Such a large ratio indicates D * sJ (2860) consists of at least four resonances D * s1 (2860), D * s2 (2860), D * s2 (2860), and D * s3 (2860). The states with total spin-2 near ≈ 2.86 GeV mass region still not found experimentally.
E. DsJ (3040)
The D sJ (3040) has only been observed in D * K mode implies that it is of unnatural parity state. The predicted masses for the 2P 1 and 2P 1 states are nearer to the observed mass (see in Table II ). In Ref. [14] , Godfrey and Moats conclude that the 43% of 2P 1 state decay to D * K final state to the total decay rates and for 2P 1 it is 35%. The mixing angle θ between them is determined as,
using the calculated masses 3018 MeV and 3038 MeV for 2P 1 and 2P 1 respectively. We straightforward to conclude that D sJ (3040) ± is the admixture of 2P 1 and 2P 1 , with mixing angle θ = 56.79 • , corresponding to 54.77% of the 2P 1 state and 45.23% of the 2P 1 state. Di Pierro and Eichten predicted the total decay width Γ ≈ 210 MeV of 2P 1 close to the experimental measurement, and for the 2P 1 state Γ ≈ 51 MeV [19] . Colangelo and De Fazio [30] argued that for D sJ (3040) the decay width of 2P 1 state is more compatible rather than 2P 1 . Sun and Liu [61] categorized D sJ (3040) as a 1 + state belonging to the (0 + , 1 + ) doublet. In the present study, comparing the total decay width of D sJ (3040) ± for 2P 1 and 2P 1 with experimentally observed width, we obtained the couplings g S ≈ 0.15 (consistent with Eq. (39)) and g T ≈ 0.20. It is important to note that the decay of D sJ (3040) ± to the ground state charmed mesons with emission of light vector mesons (ρ, ω, K * , and φ) and the low-lying P -wave decay modes are not taking into the consideration to the total decay width. We obtained the branching ratio ≈ 0.36 for 2P 1 while for 2P 1 it is ≈ 0.33 to the decay D * K. Therefore, D sJ (3040) is reasonable to interpret as 2P 1 state (or the mixing of 2P 1 and 2P 1 states, but 2P 1 is favorable). This state has been studied by many theoretical groups [16, 30, [61] [62] [63] [64] . More experimental statistics are needed to clear out the image of D * sJ (2860) and D sJ (3040) mesons specially. 
IV. REGGE TRAJECTORY
One of the most important features of Regge theory is the Regge trajectory by which the mass and the spin of a hadron are related [65] . Our tentative assignment of spinparity of the excited strange charmed mesons are listed in Table IV , including D * s1 (2860) ± as 1 3 D 1 and D * s3 (2860) ± as 1 3 D 3 , with their respective PDG [1] world average masses. Using the data from Table IV, 
II. and the Regge trajectory in (n r , M 2 ) plane,
where α and β are slopes and α 0 and β 0 are intercepts. J is the total spin, n r (= n − 1) = 0, 1, 2, ... is the radial principal quantum number, and M 2 is the square mass of the D s mesons. In Fig. 1 , we plot the Regge trajectories in (J, M 2 ) plane with natural (0 + , 1 − , 2 + , 3 − , ...) and unnatural parity (0 − , 1 + , 2 − , 3 + , ...) of the total spin J, and the Regge trajectories in (n r , M 2 ) plane are presented in Figure 2 . In (n r , M 2 ) plane, the D s1 (2460) ± and D s1 (2536) ± mesons has a same origin D + s . The Regge slopes and the intercepts of the Regge lines are extracted (see in Tables V and VI) , and they are assumed to be same for all D s meson multiplets lying on the single Regge line. Not only for spectroscopy purpose, the slopes and the intercepts of the Regge trajectories has also a fundamental importance in hadron physics [66] . Based on these parameters, we estimate the masses of higher radial and orbital excited states (1 3 D 3 , 1 3 F 4 , 1 1 D 2 , 1 1 F 3 , 1D 2 , 1F 3 , 3 3 S 1 , and 3 1 P 1 ) lying on these Regge trajectories, which are presented in Tables VII and VIII with other theoretical predictions. Our results are reasonably close to the predictions of Refs. [14, 15, 17, 19] . Their strong decays into light psudoscalar mesons (π, K, and η) are calculated, which are presented 
masses of the states D * s2 (2860) + (1D 2 ) and D * s2 (2860) + (1D 2 ) as 2.867 GeV and 2.996 GeV respectively. The ratio,
is calculated using the results of Tables III and IX, which is consistent with the BABAR measurement 1.10 ± 0.15
± 0.19 [9] (see in Eq. (2)) and the theoretical prediction 0.99 ± 0.05 [31] . The ratio in Eq. (53) considering the two contributions, D * s1 (2860) ± and D * s2 (2860) ± . In 2014, the LHCb Collaboration has found the overlapping of spin-1 and spin-3 at massD 0 K − ≈ 2.86 GeV with a significance of more than 10 standard deviation [7] . Wang [37] conclude that D * sJ (2860) might consist of at least four resonances D * s1 (2860), D * s2 (2860), D * s2 (2860), D * s3 (2860), and that is requires for the large ratio 1.10 ± 0.15 ± 0.19. Using the strong decay rates of 1 3 D 1 from Tables III and 1 Table IX , we compute the ratio,
that is more reliable with the experimental value 1.10 ± 0.15 ± 0.19 [9] . The couplings, g X and g Y ≈ 0.2, obtained by comparing the total decay width of D * s1 (2860) ± as 1 3 D 1 and D * s3 (2860) ± as 1 3 D 3 with their respective experimental measurements 159 ± 23 ± 27 MeV and 53 ± 7 ± 7 MeV [7] . Godfrey and Moats [14] determine the total decay width 197.2 MeV of 1 3 D 1 and 46 MeV of 1 3 D 3 , contributing only their decays to ground state charmed mesons plus light pseudoscalar mesons (π, η, and K), and are consistent with the LHCb [7] . Here, we used the mass 2.956 GeV of D * s3 (2860) ± predicted in Table VII . Experimentally, the mass difference M D * s1 (2860) ± −M D * s3 (2860) ± ≈ 1 GeV, is very much smaller than the theoretical predictions (see in Table II ). For such a large ratio, 1.10 ± 0.15 ± 0.19, the mass of D * s3 (2860) ± should be expected to higher than 2.86 GeV.
V. SUMMARY
In this article, the excited strange charmed mesons D * s0 (2317) ± , D s1 (2460) ± , D s1 (2536) ± , D * s2 (2573) ± , D * s1 (2700) ± , D * s1 (2860) ± , D * s3 (2860) ± , and D * sJ (3040) ± (observed by the various the experimental groups BE-SIII [5] , LHCb [7, 8] , and BABAR [9, 10] ) are examined as 1 3 P 0 , 1P 1 , 1P 1 , 1 3 P 2 , 2 3 S 1 , 1 3 D 1 , 1 3 D 3 , and 2P 1 or 2P 1 , respectively according to their masses, spin and parity. Then we apply HQET to calculate their strong decays into ground state charmed mesons along with light pseudoscalar mesons. The strong decay rates and the branching ratio among decay widths confirmed the states D * s0 (2317) and D s1 (2460) are belonging to isodoublet (1 3 P 0 , 1P 1 ), and the states D s1 (2536) and D * s2 (2573) are from (1P 1 , 1 3 P 2 ). The D * s1 (2700) is confirmed as a first excited states of S-wave with J P = 1 + . The calculated branching ratio D * K DK for D * s1 (2860) with 1 3 D 1 is ≈ 0.24, much smaller than the BABAR measurement 1.10 ± 0.15 ± 0.19 [9] . After the observation of LHCb Collaboration [7] , overlapping of spin-1 and spin-3 components (i.e. the states D * s1 (2860) and D * s3 (2860) respectively), Wang [37] argued that the large ratio 1.10 ± 0.15 ± 0.19 requires D * sJ (2860) consists of at least four resonances, D * s1 (2860), D * s2 (2860), D * s2 (2860), D * s3 (2860). Experimentally, the D s meson of total spin-2 with unnatural parity is not observed yet. Using the quantum number assignments of D * s0 (2317) ± , D s1 (2460) ± , D s1 (2536) ± , D * s2 (2573) ± , D * s1 (2700) ± as 1 3 P 0 , 1P 1 , 1P 1 , 1 3 P 2 , and 2 3 S 1 respectively from Table IV, and states D * s1 (2860) ± and D * s3 (2860) ± with J P = 1 − and 3 − of 1D family from PDG [1] , we construct the Regge trajectories in (J, M 2 ) plane with natural and unnatural parities. Fixing the slopes and the intercepts of the straight Regge lines in (J, M 2 ) plane, we estimate the masses of 1 3 D 3 , 1 3 F 4 , 1D 2 , 1F 3 , 1D 2 , and 1F 3 strange charmed mesons. The strong decays of 1 3 D 3 from Table III and, 1 3 D 3 , 1D 2 , 1D 2 from Table IX, we determine the branching ratio D * K DK ≈ 1.11, that is in agreement with 1.10 ± 0.15 ± 0.19 [9] .
The D * sJ (3040) ± is the good candidate for 2P 1 and 2P 1 states. Using the masses 3018 MeV and 3038 MeV calculated by Godfrey and Moats for 2P 1 and 2P 1 states, we identify D * sJ (3040) ± as a mixed state. We obtained the mixing angle θ = 56.79 • , corresponding to 54.77% of the 2P 1 state and 45.23% of the 2P 1 state. For 2P 1 , our calculated branching ratio of D * K mode to the total decay width is ≈ 0.36, while for 2P 1 it is ≈ 0.33. Therefore, the state 2P 1 is more favorable for D * sJ (3040). The D * sJ (3040) ± with 2P 1 we construct the Regge trajectories in (n r , M 2 ) plane. We estimate the masses of 3 3 S 1 and 3P 1 strange charmed mesons by fixing the slopes and the intercepts of the Regge lines in (n r , M 2 ) plane. The masses of 1 3 D 3 and 1 3 F 4 states are in well agreement with the results of D. Ebert et al. [17] , and for 3 3 S 1 state our prediction 3.195 is very near to Godfrey and Moats result [14] . From the strong decay rates and the ratioΓ = Γ Γ N 2S+1 L J →D * 0 K ± , we conclude that the states 1D 2 , 1F 3 , 1D 2 , 3 3 S 1 , and 3P 1 are dominant in D * K mode, and the states 1 3 D 3 , 1 3 F 4 are dominant in DK mode. Thus these predictions have opened a win-dow to investigate higher excitation of strange charmed mesons at LHCb, BESIII, KEK-B etc., and the future facilities Belle II and PANDA.
